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Protein [Accession [Molecular| Function/ | Subcellular No. Peptide SEQ|Protein|Seque
no. mass | category | localization |identified|  sequences ID |Mascot| nce
kDa peptides NQ: | score |covera
ge
Hsp60 NP 60 60-kDa Heat |Cytosol/ 6 VGEVIVTK 1 239 | 10%
002147 hock protein Imjtochondria
LSDGVAVLK
|IGIEIIKR
VIDALNATR
TVIIEQSWGSPK
VGGTSDVEVNEK
K
Malate NP 33 Catalyzes the [Mitochondirial ANTFVAELK 193 | 28%
dehydro- | 005909 reversible  |matrix
genase oXidation of
(Mdh) malate to
oxaloacetate
| lIQEAGTEVVK 8 [
VNVPVIGGHAGK
IFGVTTLDIVR
FVFSLVDAMNGK
GCDVVVIPAGVP
R
AGAGSATLSMAY | 13
AGAR
GYLGPEQLPDCL | 14
K
Electron NP 28 Specific Mitochondrial 3 EIDGGLETLR 15 96 12%
transfer | 001976 electron matrix
flavor acceptor for
orotein mitochondrial
(Etfb) dehydro-
genases
VETTEDLVAK 16
LSVISVEDPPQR | 17
Hsp10 AAC 10 10-kDa Heat [Cytosol/mitoch 3 GGEIQPVSVK 18 92 34%
96332 hock protein [ondria
VLQATVVAVGSG | 19
oK
VVLDDKDYFLFR | 20
Mitochon- NP _ 5D Second Mitochondnial 2 LADLIER 21 /5 4%
drial 000681 enzyme of thejmatrix
aldehyde majar
i
géenase 2 zlcohol
(Adh2) metabolism
LGPALATGNVVV | 22
MK
Ferre- P22570 54 First electron Mitochondrial 1 FGVAPDHPEVK 23 47 2%
doxin ransfer matrix
reductase protein in all
he
(Fdxr) mitochondrial
p450 systems

Figure 7 - TABLE 1
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1

METHODS FOR IDENTIFYING FRAGILE
HISTIDINE TRIAD (FHIT) INTERACTION
AND USES THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS AND STATEMENT
REGARDING SPONSORED RESEARCH

The present invention claims the benefit of PCT applica-
tion No. PCT/US/2008/081294 filed Oct. 27, 2008 which
claims priority to the provisional patent application Ser. No.

60/000,480 filed Oct. 26, 2007.
This mvention was made with government support under

NCI Grant Nos. CA77738 and CA78890. The government
has certain rights 1n this invention.

BACKGROUND OF THE INVENTION

The FHIT gene encompasses the most active common
fragile site at chromosome 3p14.2 (1, 2). Fhit expression 1s
lost or reduced 1n a large fraction of most types of human
tumors due to allelic loss, genomic rearrangement, promoter
hypermethylation, or combinations thereof (3, 4). Fhit knock-
out mice show increased susceptibility to cancer development
(5, 6) and FHIT gene therapy prevents tumors in carcinogen-
exposed Fhit-deficient mice (7, 8). Fhit restoration by stable
transfection 1n cancer cells has little effect 1n vitro, unless
cells are exposed to stress, including the stress of the nude
mouse environment 1 vivo (9); viral-mediated Fhit restora-
tion, a process that simultaneously supplies stress and Fhit
expression, suppresses tumorigenesis 1 vivo and triggers
apoptosis of many types of malignant cells 1n vitro (10-13),
including lung cancer cells.

In lung hyperplastic lesions, DNA damage checkpoint
genes are already activated, leading to selection for mutations
in checkpoint proteins and neoplastic progression (14, 15).
Evidence of DNA alteration at FRA3B within FHIT accom-
panied the hyperplasia and checkpoint activation. Loss of
FHIT alleles occurs 1n normal appearing bronchial epithelial
cells of smokers, prior to pathologic changes or alterations 1n
expression of other suppressor genes (16-18).

Fhit expression 1s down-regulated by exposure to DNA
damaging agents (19) and Fhit plays a role inresponse to such
agents (20, 21), with Fhit-deficient cells escaping apoptosis
and accumulating mutations.

Although Fhit expression triggers apoptosis in several
experimental models through caspase-dependent mecha-
nisms mmvolving extrinsic and intrinsic apoptotic pathways,
little 1s known about early events in this process and how Fhait
loss 1s involved 1n tumor 1nitiation.

Theretfore, there 1s a need for methods for altering the
expression of FHIT in subjects 1n need thereof. There 1s also
a need for compositions that are useful to alter the expression
of FHIT 1n subjects 1n need thereof.

SUMMARY OF THE INVENTION

In a broad aspect, there 1s provided methods which identify
proteins that interact directly with Fhit to effect downstream
signal pathways culminating in apoptosis. In one embodi-
ment, proteins within cells were chemically cross-linked after
infection of lung cancer cells with AAFHIT-His6 virus. The
proteins linked to Fhit and pathways atfected by them were
identified and characterized.

In another broad aspect, there 1s provided herein a method
of diagnosing whether a subject has, or 1s at risk for develop-
ing, a cancer associated disorder, comprising measuring the
level of at least fragile histidine triad (Fhit) gene 1n a test
sample from the subject, wherein an alteration 1n the level of
the Fhit gene product in the test sample, relative to the level of
a corresponding Fhit gene product in a control sample, 1s
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indicative of the subject either having, or being at risk for
developing, a cancer associated disorder.

Various objects and advantages of this invention will
become apparent to those skilled 1n the art from the following
detailed description of the preferred embodiment, when read
in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed 1n color. Copies of this patent or patent application
publication with color drawings will be provided by the
Office upon request and payment of the necessary fee.

FIGS. 1A-1H—Subcellular localization of Fhit protein in
cytosol and mitochondria.

FIG. 1A, immunofluorescence microscopy was performed
with anti-Fhit serum on H1299 cells (D1) treated with PonA
for 48 h; Fhit staining was detected using fluorescein 1sothio-
cyanate (green)-conjugated anti-rabbit i1mmunoglobulin
(IgG); Mito-Tracker Red staiming, which identifies mitochon-
dria, shows partial colocalization with Fhit. The yellow color
on the fourth panel (lower right) shows the co-localizations
points.

FIG. 1B, immunoeclectron microscopy of A549 AdFHIT
(left) or AAFHIT-His-1nfected cells (right) performed with a
penta-His antibody shows Fhit mitochondrial localization
(right); A549 cells infected with AAFHIT served as control
and show only a few scattered grains (left panel).

FIG. 1C, immunoblot analysis of AdFHIT-infected A549
subcellular fractions using anti-Fhit indicates Fhit protein
distribution 1n the cytosol, membranes, cytoskeleton, and
mitochondria.

FIG. 1D, immunoblot analysis of proteins from mitochon-
dria of A549 cells infected with AAFHIT-His after treatment
with sodium carbonate (FIG. 1E) and increasing concentra-
tions of digitonin (FIG. 1F) indicates that Fhit 1s mainly
distributed in mitochondrial matrix; filters were probed with
Fhit and CoxIV antisera; lanes 1n FIG. 1F represent superna-
tants after treatment with 0, 0.10, 0.15, and 0.20% digitonin.

FIG. 1G, immunoblot analyses of subcellular fractions

from MKN74/E4 and MKN74/A116 cells (stably expressing
exogenous Fhit), and FIG. 1H, HCT116 (an endogenous Fhit-
positive colon cancer cell line) using anti-Fhit, confirms Fhat
mitochondrial localization; GAPDH and CoxIV antisera
served as controls.

FIGS. 2A-F—Exogenous and endogenous Fhit forms a
complex with endogenous Hsp60, Hsp10, and Fdxr proteins.
Protein complexes, 1solated with recombinant Fhit-His pro-
tein, were separated on polyacrylamide gels and probed with
antisera against Hsp60 (FI1G. 2A), Hspl10 (FIG. 2B), and Fdxr
(F1G. 2C); 1n the latter panel, prepared after mitochondria
1solation, i1t 1s shown that Fhit recruits Fdxr in the mitochon-
dria in a time-dependent manner. Filters were loaded with
protein 1solated after infection of A549 cells with AdFHIT-
His, with or without DSP.

FIG. 2D, coimmunoprecipitation with anti-Hsp60 after
infection o1 A549 cells with AdFHIT; filters were probed with

Hsp60, Fhit, and Hsp10 antisera.

FIG. 2E, A549 cells were co-transtected with the
VS-tagged FDXR gene and FHIT plasmids; immunoprecipi-
tation was with anti-V3 and detection with Fdxr and Fhat
antisera.

FIG. 2F, immunoprecipitation and immunoblot detection
of endogenous interactor proteins (Fdxr and Hspl0) from
DSP-treated Fhit-positive HCT116 cells. Filters were probed
with antisera against each target protein. Endogenous Fht

co-precipitated with Hsp10 and Fdxr.

FIGS. 3A-D—Knockdown of Hsp60/Hspl10 reduces the
level of Fhit in the mitochondria.

FIG. 3A, nickel-H6 pull down experiment of A549 cells
AdFHIT-His, infected on subcellular fractions (Cytosol and
Mitochondria) using H6 antibody; lysates were incubated
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with nickel beads to 1solate the DSP cross-linked Fhit-His,
protein complex and loaded on a 4-20% polyacrylamide gel.
24 h after infection, the Hsp60-Fhit complex was present 1n
both compartments; 48 h after infection, the complex was
detectable again 1n both compartments and the increase of
Fhit complex proteins appears related to the increase of Fhit
protein at 48 h after AAFHIT-His, infection, with a slight
increase in the mitochondria (densitometry analysis on 1input
samples was performed).

FIG. 3B, immunoblot analysis of Hsp60, Hsp10, Fhit, and
GAPDH 1n Fhat-positive D1 cells after 72 h of Hsp60/Hsp10
silencing showing Fhit, Hsp60, and Hsp10 levels after a CHX
chase (30 ug/ml) for 1-12 h.

FIG. 3C, immunoblot analysis of cytosol/mitochondrial
protein fractions of A549 cells 72 h after transfection with
Hsp60 and Hsp10 s1iRNAs and 24 h after AAFHIT infection at
m.o.1. 1, with Hsp60, Hsp10, Fhit, GAPDH, and CoxIV anti-
sera. Hsp60/10 silencing does not appear to aifect the Fhit
cytosolic level, but 1s associated with a decrease of Fhit in the
mitochondrial fraction. Scrambled (Scr) siRNAs were used
as controls.

FI1G. 3D, subcellular fractionation and immunoprecipita-
tion of “endogenous™ Fhit complex proteins. PonA-induced
D1 and E1 cells, with and without peroxide treatment, were
fractionated into cytosol and mitochondria and subcellular
fractions assessed for the presence of Fhit and interactors (left
side) at 48 h after induction; 25 ug of proteins were loaded per
lane. Endogenous Hsp60 co-precipitated Fhit and Fdxr.

FIGS. 4A-F—Fhit expression induces intracellular ROS
generation after treatment of cells with peroxide.

FI1G. 4A, fluorescence-activated cell sorter (FACS) analy-
s1s for ROS assessment 1n A549 cells 48 h after transfection
with FHIT plasmid, with and without a 5-h H,O, treatment.
Empty vector-transiected cells served as control. Intracellular
superoxide was determined according to the fluorescence of
cthidium as a result of oxidation of hydroethidine by O,. M2
refers to the fraction of ROS positive cells.

FIG. 4B, FACS analysis for ROS assessment by the fluo-
rescence produced from the oxidation of hydroethidine 1n D1
and E1 cells; 48 h after PonA treatment, cells were treated for
5 h with 0.5 and 1.0 mM H,O, and oxidative stress was
measured; % positive refers to the fraction of fluorescent
cells, indicating ROS. These experiments were repeated three
times with similar results.

FI1G. 4C, increased green fluorescent DCF signal in H1299
Fhit-expressing cells (D1) under stress conditions. Cells were
incubated with 2',7'-dichlorodihydrofluorescein diacetate, a
ROS 1ndicator that can be oxidized 1n the presence of ROS to
the highly green fluorescent dye DCEF, at 48 h after Fhat
induction and after a 5-h H,O, treatment of E1 and D1 cells
(magnification x40).

FI1G. 4D, MTS cell viability assays were performed on E1
and D1 cells. Cells were treated with PonA for 48 h and then
with increasing concentrations of H,O, (0.125, 0.25, and 0.5
mM) for 4 h. Analysis was at 24 h after H,O, treatment.
Columns report the average of four experiments +S.E. Each
point was measured 1n quadruplicate and standard deviation
calculated; p<t0.05 was considered significant.

FI1G. 4E, FACS analysis of D1 and E1 cell cycle kinetics at
48 h after oxidative stress treatment. Cells were treated with
PonA for 48 h and then with increasing concentrations of
H,O, (0.25 and 0.5 mM) for 4 h. Analysis was at 48 h after
H,O, treatment. All experiments were performed twice 1n
triplicate.

FI1G. 4F, colony formation assay of H1299/D1 and H1299/
E1 cells after 5 mM PonA stimulation and a 5-h H,O, treat-
ment at the indicated concentrations.

FIGS. SA-H.—Apoptosis triggered by Fhit viral transduc-
tion can be mediated by 1ts interaction with Fdxr.

FIG. 5A, immunoblot analysis with antisera against Fdxr,
Fhit, and GAPDH. Proteins were extracted from E1 (control)
and D1 cells 48 h after treatment with PonA.
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FIG. 5B, immunoblot analysis of Fdxr expression in D1
and E1 cells after a 4-h treatment with 25 pA MG132, a
proteasome mnhibitor. GAPDH detection shows equal protein
loading.

FIG. 53C, immunoblot analysis of Fdxr, Fhit, and GAPDH
in D1, expressing Fhit, and E1 cells, showing Fdxr level after
CHX chase (30 ug/ml) for 4-12 h. Densitometry based on
GAPDH levels shows enhanced stability of Fdxr 1n the pres-
ence of Fhat.

FIG. 5D, FACS analysis of FDXR*** and FDXR*~"" cell
cycle kinetics after infection with AAFHIT m.o.1. 50 and 100.
The experiment was performed 48 h after infection and was
repeated three times with similar results. Profiles of AAGFP-
infected cells were similar to those of non-infected cells (not
shown).

FIG. SE, immunoblot analysis showing expression of Fdxr,
Fhit, and GAPDH after infection of FDXR*** and

FDXR*™~ with AJFHIT m.o.i. 50 and 100. Proteins were
extracted 48 h after infection.

FIG. SF, real-time RT-PCR analysis for FDXR expression
at 48 h after AAFHIT m.o.1. 50. The PCR product was nor-
malized to GADPH and Actin expression and each point was
repeated in quadruplicate; differences between control and
Fhit positive samples were not significant.

FIG. 5G, caspase 3 and Parpl activation. Immunoblot
analysis, using Fhit, caspase 3, Parp]l antisera, of total cell
lysates from HCT116 FDXR cells 48, 72, and 96 h after
infection with AAFHIT and AAGFP atm.o.1. 50. GAPDH and
CoxIV served as internal protein markers.

FIG. 5H, immunoblot analysis, using Fhit and cytochrome

¢ antisera, ol cytosol/mitochondra fractions from HCT116
FDXR cells 48, 72, and 96 h after infection with AdFHIT and

AdGFP at m.o.1. 50. GAPDH and -actin served as internal
protein markers.

FIGS. 6 A-E—Fhit enhances the sensitivity of cancer cells
to paclitaxel and cisplatin.

MTS assays performed on E1 and D1 cells. Cells were
treated with PonA for 48 h and then treated with paclitaxel
(50-500 ng/ml) (FIG. 6A) or cisplatin (0.05-0.2 mm) (FIG.
6B) for 24 or 48 h. Bars report the average of four experiments
+S.E. Each point was measured in quadruplicate and standard
deviation calculated; asterisks next to brackets in FIG. 6 A and
FIG. 6B indicate statistically significant differences in drug
response of D1 and E1 cells, p<0.05.

FIG. 6C and FIG. 6D, the graphs show representative
results of flow cytometry analyses of E1 and D1 cells. Cells
were treated with PonA for 48 h and then with paclitaxel
(50-500 ng/ml) (FIG. 6C) or cisplatin (0.05-0.2 mM) (FIG.
6D). Each data point was measured 1n triplicate at 24, 48, and
72 h (data shown for 48 h).

FIG. 6E, caspase 3 and Parp]1 cleavage: immunoblot analy-
ses, using Fhit, caspase 3, and Parpl antisera, of total cell
lysates from PonA-induced D1 cells after 48 h of treatment
with paclitaxel (50 and 100 ng/ml) or cisplatin (0.05 and 0.1
mM). GAPDH served as loading control.

FIG. 7. TABLE 1 Candidate Fhit protein partners 1solated
through mass spectrometry. Proteins selectively captured in
the A549 AdFHIT-H -infected cells sample. Amino acid
sequence of 1dentified peptides, Mascot scores, and protein

sequence coverage are listed.
FIGS. 8A-8C. Ad-His6 biological activity 1s comparable to

AdFHIT.

FIG. 8A, Western blot analysis of A549 cells infected with
Ad-His6, MOI 20. Flut-His protein was detected by antipen-
taHi1s and antiFhit serum. Both Ad FHIT and Ad-His6 carry a
GFP cDNA regulated by a CMV5 promoter through an inter-
nal ribosome entry sequence downstream of FHIT. y-tubulin

was used to normalize sample loading.

FIG. 8B, Flow cytometry analysis o1 A549 cells 96 hr after
infection with Ad-His6, MOI 15. Upper panel indicates the

subG1 DNA content of infected cells (experiment repeated
thrice; average values of subG1 fractions 22%+/-4.3 for Ad




US 8,911,998 B2

S

FHIT, 29%+/-5 for Ad-His6; the difference 1s not statistically

significant; lower panel shows percentages of cells with
mature caspase-3, an indication of apoptosis. The extent of

cell death 1n A549 cells infected with Ad-His6 1s comparable
to the result obtained after infection with Ad FHIT.

FI1G. 8C, In vivo cross-linking of Fhit-His6. Silver staiming
of gel with cell lysates after His6 pull down and cross-link
reversal conditions, separated by 4-20% gradient SDS-

PAGE. Internal negative controls included His6 pull down of
Ad FHIT infected cells (cross-linked, CL) and Ad-His6

infected cells (not cross-linked, NT).

FIGS. 9A-9F. Initial validation of candidate Fhit protein
partners 1dentified through nanobore LC-MS/MS. Selected
ion chromatograms (SIC) for AdFHIT-His6 and control

samples are shown. The six SICs pairs reportion currents of

the six following m/z values: 1) 672.8 (peak at retention time
30 min. was 1dentified as tryptic peptide TVIIEQSWGSPK
[SEQ ID NO: 5] belongmg to Hsp60), 2) 685.4 (peak at

retention time 32 min. 1dentified as ftryptic peptide
LGPALATGNVVVMK [SEQ ID NO: 22] belonging to
Aldh2),3) 617.3 (peak at retention time 39 min. 1dentified as
tryptic peptide IFGVTTLDIVR [SEQ ID NO: 10] belonging,
to Mdh), 4) 658.4 (peak at retention time 26 min. identified as
tryptic peptide VLQATVVAVGSGSK [SEQ ID NO: 19]
belonging to Hsp10), 5) 531.7 (peak at retention time 28 min.
identified as tryptic peptide EIDGGLETLR [SEQ ID NO: 15]
belonging to Etib), 6) 598.3 (peak at retention time 23 min.
identified as tryptic peptide FGVAPDHPEVK [SEQ ID NO:
23] belonging to Fdxr). Peptides of interest, indicated by red
arrows, are exclusively present in Ad-His6 sample.

FIG. 10. TABLE 2, Fhit induces generation of ROS in
MKN'74 gastric cancer cells. ROS assessment was performed
with MKN74A116, a human gastrlc cancer cell line carrying
a p53 mutant allele and expressing exogenous Fhit; Fhit-

negative MKN74E4 cells were used as a control. To induce
ROS generation, we treated MKN74 cells for 5 hr with 0.5,

1.0 and 2.0 mM H,O,. Results indicate a significantly higher
rate oI ROS generation 1n cells expressing exogenous Fhit
Compared to controls; toxicity was observed 1n Fhit-express-
ing cells after 2 mM H,O, treatment. Numbers report the
average of four expenments +S.E.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not intended to limit the
scope of the current teachings. In this application, the use of
the singular includes the plural unless specifically stated oth-
Crwise.

The use of the word “a” or “an” when used 1n conjunction
with the term “comprising” i1n the claims and/or the specifi-
cation may mean “one,” but 1t 1s also consistent with the
meaning of “one or more,” “at least one,” and “one or more
than one.’

Also, the use of “comprise”, “contain”, and “include”, or
modifications of those root WOI'dS for example but not limited
to, “comprises’, “contained”, and “including”, are not
intended to be limiting. The term “and/or” means that the
terms before and after can be taken together or separately. For
illustration purposes, but not as a limitation, “X and/orY” can
mean “X” or “Y’ or “X and Y’

The term “combinations thereol” as used herein refers to
all permutations and combinations of the listed items preced-
ing the term. For example, “A, B, C, or combinations thereof™
1s intended to include at least one of: A, B, C, AB, AC, BC, or
ABC, and 1if order 1s important 1n a particular context, also
BA, CA, CB, ACB, CBA, BCA, BAC, or CAB.

As used herein mterchangeably, “gene product,” “DNA”
and “gene,” are used herein interchangeably.
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The following abbreviations may be used herein: GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; DSP, dithiobis
(succimimidyl propionate); LC-MS/MS, liquid-chromatogra-
phy tandem mass spectrometry; Fdxr, ferredoxin reductase;
PonA, ponasterone A; m.o.1., multiplicity of infection; ROS,
reactive oxygen species; FU, S-fluorouracil; DCFH-DA,
dichlorofluorescein-diacetate; DCF, 2'.7'-dichlorofluores-
cein; CHX, cycloheximide; siRNA, small imterfering RNA;
RT, reverse transcriptase; MTS, 3-(4,5-dimethylthiazol-2-
y1)-5-(3-carboxymethoxyphenyl)-2-(4-suliophenyl)-2H-tet-
razolium.

The section headings used herein are for orgamizational
purposes only and are not to be construed as limiting the
described subject matter in any way. All literature and similar
materials cited in this application, including patents, patent
applications, articles, books, treatises, and internet web pages
are expressly mcorporated by reference 1n their entirety for
any purpose. In the event that one or more of the incorporated
literature and similar materials defines or uses a term 1n such
a way that it contradicts that term’s definition 1n this applica-
tion, this application controls.

Fhit protein 1s lost 1n most cancers, 1ts restoration sup-
presses tumorigenicity, and virus-mediated FHIT gene
therapy induces apoptosis and suppresses tumors 1n preclini-
cal models. Protein cross-linking and proteomics methods are
used to characterize a Fhit protein complex involved 1n trig-
gering Fhit-mediated apoptosis. The complex includes Hsp60
and Hsp10 that mediate Fhit stability and may atfect import
into mitochondria, where 1t interacts with ferredoxin reduc-
tase, responsible for transferring electrons from NADPH to
cytochrome P4350 via ferredoxin. Viral-mediated Fhit resto-
ration increases production of intracellular reactive oxygen
species, followed by increased apoptosis of lung cancer cells
under oxidative stress conditions; conversely, Fhit-negative
cells escape apoptosis, carrying serious oxidative DNA dam-
age that may contribute to an increased mutation rate. Char-
acterization of Fhit interacting proteins has identified direct
elfectors of the Fhit-mediated apoptotic pathway that1s lostin
most cancers through loss of Fhat.

Earlier searches for Fhit-interacting proteins pointed to
several candidate proteins, none of which we could confirm as
interactors by co-immunoprecipitation experiments, includ-
ing Ubc9, a-tubulin, and Mdm?2 (335-37). To readdress the
question of Fhit protein interactors, the following was used:
adenovirus-transduced Fhit-His, for Fhit complex purifica-
tion after cross-linking, and Fhit-linked proteins, Hsp60,
HsplO, and Fdxr, were identified; subcellular location of
these proteins suggested that mitochondria might be foci of
Fhit activity. Hsp “stress proteins™ as molecular chaperones

perform functions such as protein translocation, folding, and

assembly (38). The finding that Fhit interacts with Hsp60/
Hspl0 after AAFHIT infection suggests that the Hsp complex
may be important for Fhit stability, and possibly for its correct
folding to import 1t into mitochondna, prior to activation of
the apoptotic pathway, a suggestion we investigated by
knocking down expression of Hsp60, Hspl0, or both 1n AdF-
HIT-infected lung cancer cells; Fhut stability was assessed
after CHX chase in H1299 D1 cells, the lung cancer cell line
expressing mnducible Fhit. The level of Fhit protein 1n 1solated
mitochondria after knockdown of both Hsp60 and -10 was
reduced, strengthening the proposal that Fhit-Hsp60/10 inter-
action 1s 1nvolved 1n Fhit stabilization and/or 1n correct fold-
ing for importation into mitochondria.

Targeted disruption of the FDXR gene in HCT116 colon
cancer cells showed that it was essential for viability; reduc-
tion of the gene copy number resulted 1n decreased sensitivity
to 5-fluorouracil-induced apoptosis (29) and FDXR 1s a target
gene ol the p33 family (30). Overexpression of Fdxr-sensi-
tized colon cancer cells to H,O,, 5-fluorouracil, and doxoru-
bicin-induced cell death, indicating that Fdxr contributes to
pS3-mediated apoptosis through generation of oxidative
stress 1n mitochondria. Thus, activated p33 1induces apoptosis
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in response to cellular stresses in part through ROS, and
simultaneously p53 increases transcription of the FDXR
gene, which in turn enhances p33 function by increasing

ROS-1nduced apoptosis (29, 30).

Now shown herein 1s the presence of Fhit 1n the mitochon-
drial fraction; when Fhit 1s overexpressed or Fhit-expressing
cells are stressed, Fhit can protect Fdxr from proteosomal
degradation, leading to an increase in the Fdxr protein level,
which 1s associated with generation of ROS and followed by
apoptosis. Fhit does not affect the FDXR transcriptional level
but may affect stability of the protein. In H1299 cells, missing,
both Fhit and p53, Fdxr overexpression increases sensitivity
to ROS-induced cell death, and H1299 cells expressing
inducible Fhit or p33 are sensitive to ROS-1nduced cell death;
cancer cells missing Fhit, p53, or both would lack ways to
increase Fdxr expression, and would be less sensitive to oxi-
dative damage and would survive.

Discovery of the mitochondrial function of Fhit 1n apopto-
s1s through interaction with Fdxr now extends functional
parallels of the important tumor suppressors, Fhit and p53,
lost sequentially 1n most cancers and involved 1n response to
DNA damage, and i1lluminates their differences, with p53
acting as a transcriptional and Fhit a post-transcriptional Fdxr
regulator. Delineation of direct downstream effectors of the

Fhit function that may influence preventive and therapeutic
strategies to activate the Fhit pathway.
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The finding that ROS generation 1s crucial for Fhit-medi-
ated apoptosis emphasizes the importance of Fhit loss as a
negative prognostic factor in various clinical settings; for
example, assessment of Fhit status in preneoplastic or neo-
plastic conditions may be predictive of responses to antioxi-
dant treatments.

To 1dentify proteins that interact with Fhit to effect down-
stream apoptotic pathways, the inventors herein cross-linked
proteins within cells after viral-mediated Fhit overexpression
in lung cancer cells, and characterized proteins associated
with Fhut and the pathways atiected by them.

Results.

Isolation of a Fhit Protein Complex—To i1dentity Fhit-
interacting proteins, we generated an adenovirus carrying
FHIT ¢cDNA modified at 1ts 3' end with a sequence encoding
a His, epitope tag (AdFHI'T-His, ). The biological activity of
this tagged Fhit protein expressed 1in A549 cells was compa-
rable with wild-type Flut activity (FIG. 8).

A549 lung cancer-dertved cells, which are susceptible to
Fhit-induced apoptosis (10), were infected with AAFHIT or
AdFHIT-His, and treated with DSP, a cross-linker that
crosses membranes and fixes proteins 1in complex 1 vivo.
Cells were lysed and proteins 1solated with nickel beads avid
for the His, epitope tag. Purified proteins were treated with
dithiothreitol to cleave DSP and dissociate the complex, and
digested by trypsin; protein constituents were 1dentified by

LC-MS/MS (FIG. 7—Table 1 and FIG. 9).

TABLE 1
Molecular No. SEQ  Protein
Accession mass<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>